Abstract For the Lamé's system, mixed boundary conditions generate singularities in the solution, mainly when the boundary of the domain is connected. We here prove Rellich relations involving these singularities.
Introduction
In this work, we present a detailed proof of a result which has been announced in [2] and some extension of this result.
Let ⊂ R n be a bounded connected open set such that its boundary satisfies We denote the boundary interface by = ∂ D ∩ ∂ N . At a given x ∈ ∂ , we can consider ν(x) the normal unit vector pointing outward of . For a regular vector field v, we define the strain tensor and the stress tensor by
where λ and μ are the Lamé's coefficients and I n is the identity matrix of R n . We introduce following Sobolev spaces:
n , for every s > 0, and
We here consider the following mixed boundary problem:
where
It is well-known that this problem admits a unique solution in H 1 ( ). Furthermore, singularities are generated in the solution when the boundary interface is non-empty. These singularities are described in [4, 6, 8] in the bi-dimensional case. Similar situations appear in Laplace problems and have been addressed by many authors (see for example [1, 5] ). We prove here integral relations for problem (2), of the type of those introduced in [10] by Rellich. For a given point x 0 in R n , we denote by m the following function: m(x) = x − x 0 . For two vector fields, v 1 and v 2 , let us define
If the solution of problem (2) is regular enough (for example H 2 , then by means of two successive Green's formulae), we obtain the following Rellich relation
The aim of this paper is to generalize such a relation. It is organized as follows.
• In Sect. 2, we study the n-dimensional case when the interface is empty. In this case, the above Rellich relation holds (Theorem 2.1).
• In Sect. 3, we study the case of a bi-dimensional polygonal domain. Here, some additional terms can appear in the Rellich relation (Theorem 3.1).
• In Sect. 4, we generalize the previous result in the case of a smooth bi-dimensional domain (Theorem 4.1): in this case additional punctual terms appear.
• Finally, in Sect. 5, we study the case of a smooth n-dimensional domain. Here the additional term is an integral term along the interface (Theorem 5.1).
In three last sections, we need to analyze the local structure of the solution of mixed problem (2) in a neighborhood of the interface . This is done thanks to results of previous works by P. Grisvard [4] [5] [6] and B. Mérouani [8] .
We emphasize that these Rellich relations are useful for proving boundary stabilization results for the elastodynamic system by using the multiplier method as well as in [1, 5, 7] . This work is developed in the second part.
